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The utilization of supplementary cementitious materials (SCMs) for the 
partial replacement of cement in concrete introduces several environmental and 
economical benefits. Some of the major benefits include the conservation of 
natural resources, the reduction of greenhouse gas emissions and a reduction in 
cement use. The use of SCMs in concrete also have technical merit and are 
multifaceted in their approach by enhancing the workability, strength and 
durability of concrete. In recent years, Australian road authorities have been 
increasingly concerned with the shortage of classified fly ash (CFA) predicted to 
occur in the near future with renewable energies finding their way into the market. 
Finding alternative SCMs is a critical issue due to a shortage of national resources 
available. Run-of-station fly ash (RFA) can be a possible alternative to CFA. 
However, the lack of enough information available in the literature hinders the use 
of RFA, and additional work needs to be carried out to investigate its efficiency in 
different concrete mixes. 
In this investigation, an experimental study has been carried out to evaluate 
the effect of fineness of three fly ashes (ground run-of-station fly ash (GRFA), 
RFA and CFA) on the heat of hydration behaviour, flow and compressive strength 
properties of blended cement pastes. The study has been extended to also assess 
the influence of fineness, types and levels of SCMs (fly ash, slag or metakaolin) 
on the fresh and hardened properties of mortars. Finally, the effect of RFA and 
other SCMs on the fresh, hardened and durability properties of concretes for 




Among all the SCMs investigated, metakaolin (MK) was found to have the 
highest fineness followed by slag (SL), GRFA, CFA and RFA. In addition, 
increasing the fineness of fly ash showed a reduction in the crystallinity of silica 
particles, which resulted in more reactivity suggesting possibly more amorphous 
silica particles present for pozzolanic reactivity.  The presence of smaller 
quantities of crystalline silica particles in SL and MK also suggests a higher 
degree of pozzolanic reactivity may prevail. Results of the study on the blended 
pastes showed that the cumulative heat of hydration decreased by the 
incorporation of fly ash with different fineness (302, 368 and 495 m2/kg), SL, or 
MK. This reduction was noted to increase with increasing SCM content. The finer 
grade fly ash (GRFA) generated higher heat of hydration compared to coarser 
grade fly ash (RFA). Furthermore, the consumption of portlandite increased with 
increasing fineness of fly ash at 28 days reflecting higher pozzolanic reactivity 
resulting in higher compressive strength than the blended pastes containing 
coarser grade fly ash. 
Partially replacing cement with 20%, 30% and 40% fly ash of different 
fineness (CFA, RFA and GRFA ), and 35%, 50% and 65% SL in mortars (using a 
fixed w/b ratio) improved the flow compared to control mortar (devoid of SCM 
addition). The inclusion of 5%, 10% and 15% MK in the same mortar decreased 
the flow compared to control mortar. Increasing the fineness of fly ash from 302 
to 495 m2/kg improved the 28-day compressive strength of the mortar even to a 
similar level to the control mortar. However, the 28-day compressive strength of 
mortars containing SL and MK were even higher than control mortar at all 
replacement levels evaluated. The 56-day drying shrinkage of mortars was also 
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found to decrease considerably when partially replacing cement with SCMs. 
Compared to the control mortar, a reduction in drying shrinkage was noted with 
an increase in SCM replacement level. 
Results from the study on lean concretes with 60% fly ash content revealed 
RFA is almost as effective as CFA in satisfying the strength and drying shrinkage 
requirements according to the RMS R82 specification despite having lower 
compressive strength development at all ages (up to 56 days) compared to the 
same concrete containing CFA. Replacing cement with 20% and 25% RFA in 
pavement and bridge concretes decreased 28-day compressive strength by about 
11% and 11% respectively, compared to the same concretes containing CFA. In 
addition, there was a slight increase in drying shrinkage at all ages (up to 56 days) 
by replacing cement with RFA instead of CFA in all concretes investigated. It can 
be concluded that the concretes with RFA can achieve similar hardened properties 
to CFA concrete in pavement concrete and bridge applications by only adjusting 
the mix design such as lowering w/b ratio. This statement is based on the results 
of fineness level, crystaline phase indetification and oxide composition of CFA 
and RFA particles and also strength development from the pastes and mortars. 
Moreover, partially replacing cement with SL or MK could be another alternative 
to CFA in pavement concrete and bridge applications due to the high fineness 
confirmed by mortar and concrete results. However, only the relative performance 
of concrete used for bridge applications was assessed for durability properties.  
According to the qualitative tests carried out on the bridge concretes 
containing SCMs, it was noted that the level of penetrability of chloride and 
sulfate ions into the concrete was reduced by replacing cement with 25% CFA or 
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RFA compared to the control concrete at 28 days. This reduction in penetrability 
level was significant for the concretes containing 50% SL or 15% MK. In 
addition, the results from the accelerated mortar bar test revealed that partially 
replacing cement with SCMs decreased the expansion of mortar bars due to alkali-
silica reaction (ASR); the reduction in expansion increased with an increase in 
SCM content. For the reactive aggregate investigated in this study, incorporation 
of 25% CFA or 25% RFA or 50% SL or 15% MK is needed to control the 
expansion of mortar bars due to ASR.   
This experimental investigation has demonstrated the value and benefits of 
using RFA as an alternative SCM in concrete. RFA has proven abilities to achieve 
the same level of performance as CFA when used in various concrete applications 
such as lean, pavement and bridge concrete mix designs. SL and MK could also 
be used as other alternatives to CFA in concrete. 
 
 
 
 
 
 
 
 
 
 
